Chronic Kidney Disease (CKD), is highly prevalent in the United States. Epidemiological 8 systems for surveillance of CKD rely on data that are based solely on the NHANES survey, 9 which does not include many patients with the most severe and less frequent forms of CKD. We 10 investigated the feasibility of estimating CKD prevalence from the large-scale community 11 disease detection Kidney Early Evaluation and Program (KEEP, n = 127,149). 12 We adopted methodologies from the field of web surveys to address the self-selection bias 13 inherent in KEEP. Primary outcomes studied were CKD Stage 3-5 (estimated glomerular 14 filtration rate [eGFR] <60 mL/min/1.73m 2 , and CKD Stage 4-5 (eGFR <30 mL/min/1.73m 2 ).
INTRODUCTION
Incorporating additional, larger data sources that are more likely to ascertain persons with more 48 severe forms of CKD has the potential to enhance our existing CKD surveillance infrastructure. 49 In this report, we examine the feasibility of estimating CKD prevalence using data from the large adjustment accounting for affiliate clusters removed almost all bias so the weighted KEEP 117 prevalence was 0.52% (95% CI 0.42-0.64%, Weighted-GEE). 118 Age and sex stratified results in Figure 2 show that both age and sex have substantial 119 impacts on CKD endpoints. Both NHANES and KEEP showed low CKD Stage 3 prevalence at 120 younger ages that increased with age for females more than males (KEEP age x sex interaction P 121 = 0.037). Stage 4-5 prevalence also increased with age with female versus male differences not 122 uniform over ages (KEEP age x sex interaction P = 0.026). In this paper we explored the use of data from a voluntary, self-selected community 141 disease detection program to model point prevalence and temporal trends for epidemiologic 142 surveillance of CKD in the US over a period of 10 years. By using a national representative 143 survey as a reference, we demonstrate the potential of IPW based adjustments to address the self-144 selection bias inherent in community based disease detection programs. To our knowledge, this 145 is the first application of this approach in the setting of chronic (kidney) disease and opens up the 146 possibility of using large, readily available samples of convenience in epidemiologic surveillance 147 programs.
148
The use of self-selected samples for the purpose of tabulating official statistics has been 149 receiving increasing attention in the era of administered surveys distributed over the 150 internet (15, 16) . Similar to community based disease detection programs, the practical use of these 151 designs suffer from self-selection bias. In recent years, there has been a growing literature 152 regarding the modeling of self-selection effects in such surveys. This literature suggests that a 153 number of approaches, including post-stratification weighting of the observations of participants 154 in the self-selected samples(17) or the direct modeling of the probability of self-selection 155 ("propensity score adjustment") (13, 18, 19 ) against a referent population may allow the valid use 156 of these convenience samples in place of random probability samples. To our knowledge, similar 157 techniques have not been applied to CKD prevalence data. Therefore, we explored both IPW and 158 post-stratification as a novel means to address the self-selection bias in KEEP. Our analyses 159 indicate that even though both methods may substantially decrease this bias, the greater 160 flexibility afforded by the logistic regression model in IPW leads to greater comparability with 161 the sample estimates from NHANES. We postulate that this performance of the IPW is likely to 162 hold true in other health domains outside the field of CKD research.
163
A major strength of our proposed approach to the surveillance of the CKD epidemiology is the 164 use of co-temporal, national, representative cohort of NHANES to calculate the self-selection 165 probabilities in KEEP. The use of such a reference, random probability sample is an integral 166 component of existing approaches for handling selection bias (13, 17, 20, 21) . Even if such a 167 reference sample is available though, in order for sample weighting to reduce bias, the covariates 168 used should be strongly correlated with the target population(15) and the mechanism underlying 169 the self-selection process should be one of Missing-At-Random (MAR). In such a case, IPW will 170 allow the unbiased estimation of quantities of interest e.g. point prevalence for impaired eGFR or 171 microalbuminuria (15). In our approach, the rich data collected during KEEP and the in-depth 172 knowledge of the KEEP data collection, the community advertisement and engagement 173 processes led us to consider a-priori plausible subsets of covariates to use for the weighting 174 process, and suggested the need to employ a GEE model to allow for variation among the NKF In terms of practical applications, successfully addressing the bias in KEEP offers the 179 possibility of using this readily available sample of convenience for the purpose of CKD 180 surveillance. In particular, the existing CKD surveillance project about the general US 181 population is based on a limited number of NHANES participants with an eGFR <60 (n = 2,700) 182 and eGFR<30 (n = 239). Our analyses indicate the potential to expand this dataset almost six-183 fold by appropriate weighting of the nearly 18,000 KEEP participants with decreased renal 184 function. Notwithstanding the increase in sample size, the ability to combine these datasets 185 affords the opportunity to overcome the pitfalls of each of these two studies when considered in 186 isolation (7, 10, 22, 23) . Whereas KEEP suffers from self-selection bias(10,22), NHANES does not 187 represent well the advanced, but also less common stages 3-4 of CKD (7) . Such patients are 188 "oversampled" in KEEP so that these studies directly complement each other. Our report 189 illustrates the feasibility of using relatively simple weighting adjustments to make the estimates 190 of the studies directly comparable. Hence, it represents a significant advance over the existing, 191 semi-qualitative use of the two data sources by the nephrology research community. In 192 particular, it was previously stated that the results of KEEP are best understood in "the context of 193 the US population" and in comparison against results from a representative sample 194 (NHANES) (22, 24) . By applying methodologies to address the self-selection bias in KEEP we 195 took this approach to its logical conclusion and derived a common analytic file that is available 196 for the epidemiologic surveillance of CKD in the general population. accounted for in our approach and is a topic under investigation using recruitment information 202 like screening event location, and measures of advertising 'effort' as potential covariates. In our 203 analyses we handled these factors indirectly by including the regional affiliates as clusters in the 204 GEE estimation procedure. It is likely that more detailed modeling may have led to more precise 205 estimation of the prevalence of the different stages of CKD. Another limitation concerns the 206 handling of race and ethnicity, which are clinically significant correlates of CKD risk in the 207 source datasets. Whereas NHANES collects detailed race and ethnicity information, the 208 coarseness of classification in public use files likely combines groups with unequal risk. These 209 categories were not entirely congruent with the ones adopted in the KEEP program, thus raising 210 the possibility of residual confounding in our weighting schemes. Finally, adjustment by post-211 stratification typically relies on a known reference distribution such as from official census 212 statistics.
213
In summary, we present the first to our knowledge application of self-selection bias 214 correction methodologies for the analysis of data related to the prevalence of CKD in the general 215 US population. We found that two methodologies, i.e. IPW and to a lesser degree post-216 stratification weighting may be used to render estimates from a self-selected cohort (KEEP) 217 directly comparable to those from a national representative sample (NHANES). Future studies 218 should build on this effort and utilize this novel analytic set to expand the existing national CKD campaigns to attract participants to examinations coordinated by regional affiliates. Advertising 231 targeted participants that were at least 18 years old with risk factors for CKD: high blood 232 pressure, diabetes, or a family history of diabetes or hypertension or kidney disease. We obtained 233 data from NKF for KEEP participants assessed by 48 regional affiliates from 2001 to the end of using a piece-wise regression adjustment described for NHANES results (28) .
264

Statistical Analyses
265
The analyses had two phases: 1) estimation of propensity scores using NHANES and 266 KEEP, and 2) estimation of CKD prevalence. Sampling weights for NHANES were the two-year 267 MEC weights. We conducted analyses to determine whether individual propensity scores for 268 KEEP were sensitive to the approach used in developing the reference population (Supplemental 269 Methods). We created an NHANES summary file composed of weighted reference population 270 frequencies for all cross-tabulations of our selection model covariates. These weighted 271 frequencies considered the complex sampling design and used NHANES PSU, strata, and MEC 272 in calculations. We appended these weighted subgroup frequencies to KEEP data to also estimate 273 propensity scores. Analyses using the two approaches confirmed that propensity scores for 274 KEEP participants were not sensitive how we created a reference population. Using the 275 individual NHANES records and MEC without upscaling to subgroup frequencies for the total 276 reference population avoids the problem of some subgroup cells estimated from very few 277 NHANES observations. Our approach also enables use of continuous variables like age and BMI 278 in estimating propensity scores.
279
Descriptive summaries of NHANES participants by subgroups (e.g., age, sex, 280 race/ethnicity) were estimated using methods that accounted for the complex sampling design 281 when summarizing the reference population (SURVEYFREQ, SAS v9.4). The population 282 distribution of KEEP for these subgroups were estimated without and with weighting for self-283 selection.
284
For propensity score analyses we used boosted the classification and regression tree 285 (CART) methods implemented in the twang R-package(29), as this method outperforms logistic 286 regression(30) and can utilize sampling weights. We entered NHANES observations using the 287 MEC weights, and KEEP observations using sampling weights equal to 1.0. The shrinkage 288 parameter was set at 0.001 and number of random trees equaled 20,000. We varied interaction 289 depths from four to six levels and assessed the balance achieved by comparing KEEP weighted 290 frequencies to the expected frequencies based on the NHANES reference population and selected 291 as our propensity score estimation model the one with best agreement between KEEP 292 frequencies expected for the reference population and the weighted frequencies from the boosted 293 CART models. Separate propensity score analyses by two-year NHANES sampling periods 294 estimated weights that tracked changes in KEEP sampling distribution and intensity by regional 295 KEEP affiliates. Achieved covariate balance by NHANES survey period was assessed using 296 unstandardized and standardized differences in proportions(31), and logistic regression was used 297 to assess whether CKD Stage 3-5 prevalence in the unweighted KEEP sample was constant over 298 IPW deciles(32).
299
We conducted analyses to determine whether individual propensity scores for KEEP 300 were sensitive to the approach used in developing the reference population (Supplemental 301 Methods). We created an NHANES summary file composed of weighted reference population 302 frequencies for all cross-tabulations of our selection model covariates. These weighted 303 frequencies considered the complex sampling design and used NHANES PSU, strata, and MEC 304 in calculations. We appended these weighted subgroup frequencies to KEEP data to also estimate 305 propensity scores. Analyses using the two approaches confirmed that propensity scores for 306 KEEP participants were not sensitive how we created a reference population. Using the 307 individual NHANES records and MEC without upscaling to subgroup frequencies for the total 308 reference population avoids the problem of some subgroup cells estimated from very few 309 NHANES observations. Our approach also enables use of continuous variables like age and BMI 310 in estimating propensity scores.
311
The second analysis stage had the goal of estimating CKD prevalence by Stage using the 312 KEEP sample but adjusted for self-selection. Unweighted and weighted prevalence and 95% 313 confidence interval are reported (SURVEYFREQ, SAS v9.4) along with population average 314 estimates that account for participants clustered within regional affiliate recruitment and 315 examination programs (GEE, GENMOD, SAS v9.4 
